Abstract Spinal cord injury (SCI) triggers a sequel of events commonly associated with cell death and dysfunction of glias and neurons surrounding the lesion. Although astrogliosis and glial scar formation have been involved in both damage and repair processes after SCI, their role remains controversial. Our goal was to investigate the effects of the P2 receptors antagonists, PPADS and suramin, in the establishment of the reactive gliosis and the formation of the glial scar. Molecular biology, immunohistochemistry, spared tissue, and locomotor behavioral studies were used to evaluate astrogliosis, in adult female SpragueDawley rats treated with P2 antagonists after moderate injury with the NYU impactor device. Semi-quantitative RT-PCR confirmed the presence of P2Y 1, P2Y 2, P2Y 4, P2Y 6, P2Y 12 , and P2X 2 receptors in the adult spinal cord. Immunohistochemistry studies confirmed a significant decrease in GFAP-labeled cells at the injury epicenter as well as a decrease in spared tissue after treatment with the antagonists. Functional open field testing revealed no significant locomotor score differences between treated and control animals. Our work is consistent with studies suggesting that astrogliosis is an important event after SCI that limits tissue damage and lesion spreading.
Introduction
Spinal cord injury (SCI) is one of the major causes of disability around the world. The events following an injury are very distinctive, and plenty has been published about the progression of these molecular and cellular events (for review, Hulsebosch 2002 ). Tissue integrity is compromised as a result of the axotomy, edema, hemorrhage, ischemia, electrolytic shift, release of nucleotides, and excitatory amino acids that come with the injury (Ducker et al. 1971; Park et al. 2004; Tanhoffer et al. 2007; Sinescu et al. 2010 ). These events are followed by apoptosis, demyelination, and free-radical production. In addition, the upregulation of repulsive factors and inhibitory molecular signals such as proteoglycans, Slit proteins, semaphorin-3, Eph/ephrins, MAG, NOGO, and OMgp block axonal regeneration after SCI (Schnell and Schwab 1990; McKerracher et al. 1994; Fournier and Strittmatter 2001; Willson et al. 2002) . Moreover, it is well known that the downregulation of growth factors and the invasion of immune cells that release cytokines and chemokines stimulate an inflammatory response (Dijkstra et al. 2001; Nakamura and Bregman 2001; Widenfalk et al. 2001; Popovich et al. 2003; Iannotti et al. 2006) . These proinflammatory molecules that activate microglial cells and macrophages can trigger astrogliosis (Fitch et al. 1999) , with the subsequent formation of the glial scar.
Astrogliosis or reactive gliosis is a term used to describe a cellular process that astrocytes undergo after pathological conditions and trauma to the central nervous system (CNS) (Kato et al. 1998; Haydon 2001; Okada et al. 2004; Williams et al. 2007; Zhang et al. 2010) . Extensive hypertrophy, proliferation, and increase in the expression of the intermediate filaments, glial fibrillary acidic protein (GFAP) and vimentin, are among the factors that characterize the gliotic response (Chiu and Goldman 1985; Laping et al. 1994; Sofroniew and Vinters 2010) . It is important to emphasize that the trauma to the spinal cord not only generates a gliotic response but also the upregulation of inhibitory molecules such as proteoglycans, tenascin, Eph/ ephrin proteins, and semaphorin-3 by astrocytes within the glial scar (Becker et al. 2000; Pasterkamp et al. 2001; Willson et al. 2002; Cruz-Orengo et al. 2006; Figueroa et al. 2006; Cafferty et al. 2007) .
Reactive astrocytes are the principal components of the glial scar, a physical and chemical barrier known to inhibit axonal regeneration (Fitch and Silver 1997) . However, this cellular wall also presents some favorable functions for the injured tissue. Evidence demonstrates that glial scarring can restrict the spreading of the cyst at the lesion epicenter and isolates the injured cells from the healthy ones, preventing uncontrolled tissue damage (Faulkner et al. 2004 ). In addition, the glial scar may reduce the infiltration of inflammatory cells preserving motor function (Bush et al. 1999; Popovich et al. 1999) .
Extracellular nucleotides and nucleosides can contribute to the establishment of the reactive gliosis through the activation of metabotropic (P2Y) and ionotropic (P2X) receptors (Burnstock 1997) . Studies demonstrated that purines and pyrimidines are released from dead or damaged cells following trauma, exerting a trophic effect on glial and neuronal cells (Gordon 1986; Ferrari et al. 1997; Lazarowski et al. 1997; Wang et al. 2004 ). Other reports confirmed that extracellular ATP lead to an increase in GFAP mRNA and protein level, as well as proliferation and stellation of cultured astrocytes (Abbracchio et al. 1994; Neary et al. 1994 ). In addition, in vivo studies using rat nucleus accumbens demonstrated that GFAP and astrocyte proliferation were augmented after infusion of ATP analog. This effect was blocked by P2 nucleotide receptor antagonists, indicating that these receptors mediate the trophic actions of extracellular ATP in vivo (Neary et al. 1996; Franke et al. 2001) . Altogether, this evidence supports a potential role for these receptors as modulators of astrogliosis and glial scar formation after CNS injury.
P2X and P2Y receptors in astrocytes, neurons, and microglias from CNS are activated by extracellular nucleotides released after injury. These receptors are potent modulators of physiological and pathological processes in the brain and spinal cord (Erb et al. 2006; Fields and Burnstock 2006; Zimmermann 2006) . Understanding the role of the extracellular nucleotides and their receptors in reactive gliosis after SCI can represent a novel therapeutic approach to decreasing the repulsive environment established by the glial scar after trauma and enhancing regeneration at the lesion epicenter. However, we could not discard the possibility that P2 receptors may play a role in controlling the spreading of the cyst at the lesion epicenter and improving the isolation of the injured cells from the healthy ones, diminishing the loss of locomotor function.
Therefore, we hypothesize that a blockade of P2 receptors after SCI should reduce the gliotic response and diminish also the formation of the glial scar. The reduced physical and chemical barrier will provide a permissive environment for axonal regeneration and locomotor recovery. On the other hand, an increase in the cavity (or reduction in spare tissue) without locomotor recovery after P2 receptors blockade support the idea that a gliotic response is necessary to contain the cyst and isolate healthy cells from damaged ones.
Materials and Methods

Spinal Cord Injury
Adult female Sprague-Dawley rats (~235 g) from Hilltop Lab (Scottdale, PA) were treated as described previously (Rodriguez-Zayas et al. 2010) . Briefly, animals were anesthetized; their T10 lamina removed and their exposed spinal cord injured with the NYU impactor device from a height of 12.5 mm (Miranda et al. 1999; Cruz-Orengo et al. 2006; Figueroa et al. 2006; Santiago et al. 2009 ). Rats in the control group (sham) remained uncontused and were sutured after laminectomy. After surgical procedure, rats received two daily doses of the antibiotic Cefazolin (25 mg/ kg, Bristol Myers Squibb, NY) subcutaneously for seven consecutive days. Two daily doses of Buprenex (buprenorphine; Reckett & Colman Pharmaceuticals, Inc. Richmond, VA; 0.05 mg/kg) was injected for 3 days and hydrated with 0.9% NaCl solution subcutaneously after surgical procedure (≈1 cm 3 per 5 g weight loss). Bladders of injured rats were expressed at least three times daily until complete recovery and lodged individually on cages with absorbent bedding to convalesce. Both sham and contused groups were permitted to survive for 28 days post-injury (DPI). These protocols were approved by the University of Puerto Rico IACUC and followed NIH guidelines for the safe use and care of laboratory animals.
RNA Studies
Pentobarbital (40-50 mg/kg) was injected intraperitoneally to sham and injured rats (n=3). After complete sedation, the rats were transcardially perfused with ice-cold 0.01 M phosphate-buffered saline (PBS), pH 7.4 (Sigma-Aldrich, St. Louis, MO) as previously described (Irizarry-Ramirez et al. 2005) . The T10 lesion epicenters (5 mm) of each spinal cord were dissected and total RNA extracted using Trizol reagent (Sigma-Aldrich, Inc. St Louis, MO). To avoid genomic contamination, the extracted RNA was treated with the DNA-free kit (Ambion Inc, Austin, TX). Integrity of each RNA sample was electrophoretically confirmed by running a 1% agarose-formaldehyde gel, and quantification of total RNA was achieved using the Eppendorf BioPhotometer system (Eppendorf, AG). Reverse transcription reaction of 1 μg of RNA was performed using iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA) according to the manufacturer's instructions. Mock cDNA reaction, without RNA, was prepared and used as negative control to rule out genomic DNA contamination.
Semi-quantitative RT-PCR cDNA amplification was performed in an Amplitron II (Barnstead/Thermolyne, Dubuque, Iowa) using a 50-μl reaction with 2 μM of primers (Table 1 ), 1.5 mM MgCl 2 , 260 μM dNTP mix, PCR buffer, and 2.5 U Taq polymerase (Promega, Madison, WI) in nuclease-free water (Ambion Inc, Austin, TX). Cycle optimization for each RT-PCR product was accomplished to establish the linear phase of gene amplification and the appropriate annealing temperature. cDNA amplification was done using the following parameters: a hot-start at 94°C for 3 min (min) and 31-38 cycles composed of 1 min at 95°C for denaturing step, 1 min annealing at 57°C or 62°C (see Table 1 ), and an extension at 72°C for 1 min. A post-dwell period of 5 min at 72°C was applied to complete the amplification process. Products generated were confirmed by migration to the expected position on a 1.5% agarose gel electrophoresis stained with ethidium bromide. The PCR products were purified with the QIA quick PCR purification kit (QIAGEN Inc, CA) and sequenced to confirm the identity of the products.
Intrathecal Infusion of Nucleotide Receptors Antagonists
After the T10 laminectomy and moderate contusion to the spinal cord, each rat received a second laminectomy at T12 to expose a full segment caudal to the lesion epicenter as previously reported (Cruz-Orengo et al. 2006; ). The dura matter was cautiously punctured with a 32-gauge needle just enough to allow the insertion of a catheter (inner diameter 0.18 mm; outer diameter 0.36 mm; Alzet, Cupertino, California, USA) that was extended rostrally to the lesion epicenter. The cannula was connected to a primed mini-osmotic pump (model 2002, Alzet, Cupertino, California, USA) that delivered a constant flow (0.5±0.1 μl/h) of 10 μM pyridoxal-phosphate-6-azophenyl-2′,4′-disulfonate (PPADS) (Tocris bioscience, Missouri), 10 μM of Suramin (Tocris bioscience, Missouri), or 0.9% NaCl solution for 14 days to the lesion epicenter (n=10-13 per group tested). These two antagonists, at the indicated concentration, have been shown to block P2 nucleotide receptors in vitro and in vivo (Charlton et al. 1996; Kharlamov et al. 2002; Tompkins and Parsons 2006) . The pump was placed in a small subcutaneous pocket made over the sacral vertebrae caudal to the incision and the catheter attached to the fascia over the muscles at the incision edge. The post-operative treatment was performed as described previously.
Behavioral Assays
Animals (n=10-13 per group) infused with antagonists and saline were evaluated weekly (7, 14, 21, and 28 DPI) by the Basso-Beattie-Bresnahan scale (BBB open field test) and horizontal grid-walking test (Basso et al. 1995; Merkler et al. 2001) . The animals were previously trained for habituation and after surgery, identified by numbers and not by treatment. Two evaluators, unaware of the treatment or previous score of the animal, performed all behavioral assays as previously reported by Cruz-Orengo et al. (2006); Figueroa et al. (2006) , and Santiago et al. (2009) . The BBB open field test evaluates hindlimb and forelimb movements on an open field for 4 min as described by Basso et al (1995) . Sham or naïve rats had a perfect score of 21 points (stage III), but after a moderate spinal cord injury, the functional score went as low as 2-7 points (stage I) at 7 DPI and 8-13 points (stage II) at 14 DPI, remaining constant afterward (Cruz-Orengo et al. 2006; Figueroa et al. 2006) .
The horizontal grid-walking test evaluates sensorimotor integration and determines the ability of the animals to place their hindlimbs over the arbitrarily located sticks of a horizontal ladder (Merkler et al. 2001) . Misplacement of the paws, hindlimb footfalls, or dragging were considered as errors. The sticks placed in the horizontal ladder allow a maximum of 25 errors. Sham and naïve animals had few or no errors, but injured rats attained high number of hindlimb misplacement or errors (Cruz-Orengo et al. 2006; Figueroa et al. 2006; Santiago et al. 2009 ).
Immunohistochemistry
Rats completely anesthetized (n=4-5) were perfused intracardially with ice-cold 0.01 M PBS (pH 7.4; Sigma-Aldrich, St. Louis, MO) followed by 4% paraformaldehyde (PFA) at 4°C. Spinal cord removal, post-fixation, sectioning, and immnohistochemistry protocol was performed as described by Rodriguez-Zayas et al. (2010) . The primary antibodies used were mouse anti-GFAP (1:100; BD Pharmingen) for reactive astrocytes, goat anti-GAP-43 (1:500; Sigma, MO) for growth associated protein, or rabbit anti-5-HT (1:1,000; ImmunoStar Inc., Hudson, WI) for serotonergic fibers as markers of neurite outgrowth. Then, the sections were incubated with 1:250 Alexa 488 goat anti-mouse (Invitrogen), 1:250 Alexa 488 rabbit anti-goat (Molecular Probes, Oregon), or 1:250 Alexa 488 goat anti-rabbit (Molecular Probes, Oregon) as secondary antibodies for 2 h at room temperature (RT) in a covered area. Slices lacking primary antibody were used as controls. Images were visualized with a Zeiss LSM 5 PASCAL Confocal Microscope System (Carl Zeiss MicroImaging Inc., Thornwood, NY) outfitted with an argon laser emitting at 488 nm. To conclude the analysis, the ImageJ 1.43u software (NIH, MD, USA) was used to determine the mean intensity of each image taken at a magnification of 10×. Three sections from each animal spinal cord were evaluated, and the mean used as one value. The longitudinal sections represent areas in the middle and lateral sides of the epicenter.
Luxol Fast Blue/Cresyl Violet Histochemistry
The spared tissue analysis was performed as described by Santiago et al. 2009 . Animals (n=10-12 per group) were sacrificed as described before by exsanguination and perfusion with intracardial ice-cold PBS, followed by 4% PFA. Spinal cord sections (20 μm) were mounted and postfixed in 4% PFA for 30 min at RT; then placed in 1:1 alcohol/chloroform solution overnight (ON) at RT. The sections were re-hydrated with 95% ethyl alcohol (ETOH) for 10 min and incubated for 16 h at 37°C with Luxol Fast Blue (Alfa Aesar, Shore Road, Heysham, Lancs). Excess stain was rinsed off with 95% ETOH and the sections were stained in a 0.05% lithium carbonate solution for 4 min, followed by 1 min rinse in distilled water and 4 min in 70% ETOH. When differentiation was completed, sections were washed with distilled water for an additional 1 min and counterstained with Cresyl violet solution for 40 s. Immediately, slides were rinsed with distilled water, incubated for 5 min in 95% ETOH and washed twice with 100% ETOH for 5 min each. Subsequently, the sections were rinsed in Histoclear (National Diagnostic, Atlanta, Georgia) two times for 5 min each and coverslipped using Permount (Fisher) as mounting solution. Slides were observed in a digital microscope (Fisher Scientific, Pittsburgh, PA, USA), and photomicrographs were taken using the Motic Images 2000 version 1.2 professional software. The stained sections were morphometrically analyzed (MCID, Imaging Research, Inc. Ontario, Canada) to determine the amount of white matter spared tissue (Santiago et al. 2009 ). Briefly, the outer border of the spinal cord, the spare white matter stained tissue, and the lesion cavity were delineated. These parameters were used to calculate the area of white matter spared tissue (density/area).
Statistical Analysis
Statistics are offered as mean±standard error of mean. ANOVA, followed by Tukey-Kramer multiple comparisons post hoc test analysis, was applied for assessment of significant difference between control (sham) and experimental groups (at 2, 4, 7, 14, and 28 DPI). A probability <0.05 between control and experimental groups was considered to be statistically significant.
Results
P2 Receptors Expressed in Adult Spinal Cord Tissue
Expression of diverse P2 receptors mRNA in the adult spinal cord of rats was assessed by semi-quantitative RT-PCR using specific primers (Fig. 1) . The amplified frag-ments migrated to the expected positions confirming basal levels of P2Y 1 , P2Y 2 , P2Y 4 , P2Y 6 , P2Y 12 , and P2X 2 receptors in the adult spinal cord. The specificity of the primers and the identity of the amplified fragments were determined by sequencing of the PCR products (data not shown). β-actin was used as housekeeping gene positive control and a mock control used to discard the possibility of genomic contamination during RNA extraction.
P2 Receptors Antagonists did not Affect Functional Locomotor Recovery
Standardized behavioral assays, including BBB score and grid walking tests, revealed that blockade of P2 receptors with P2 antagonists infused intrathecally did not improve the behavioral outcomes in treated rats. As shown in Fig. 2 Effect of P2 Antagonists in the Density of GFAP-labeled Cells at Injury Site GFAP immunoreactivity determined the presence of reactive astrocytes in lesioned spinal cord treated with saline and the P2 antagonists: suramin and PPADS (Fig. 3a) . Differences in GFAP immunoreactivity (Fig. 3b) , mostly confined to the glial scar surrounding the lesion epicenter, were observed in saline treated samples (control) versus experimental samples at 28 DPI, showing a decrease in the reactive gliosis. ANOVA analysis demonstrated a significant twofold decrease in GFAP densitometric analysis after PPADS (1,530±160 arbitrary units (AU), p<0.01, n=5) and suramin treatment (1,542±390 AU, p<0.05, n=4) when compared with saline samples (2,906±272 AU, n=5). In addition, blockade of P2 receptors did not affect significantly GAP-43 and serotonin (5-HT) immunostaining (data not shown) at the lesion epicenter and regions rostral or caudal to it.
Spared Tissue Level Decreased with P2 Antagonist Treatment
Spinal cord sections from the lesion epicenter were stained with luxol fast blue-cresyl violet and morphometrically analyzed to determine the extent of white matter spared after treatment with saline, suramin, and PPADS. Suramin and PPADS treatments exacerbated the loss of tissue after SCI and provoked a significant decrease in the amount of spared white matter when compared to the saline group (Fig. 4) . ANOVA analysis demonstrated a significant decrease after suramin treatment (46±4 arbitrary units Immunohistochemistry, confocal microscopy (a), and densitometric analyses were used to determine the amount of GFAP-positive cells at the lesion epicenter in 28 DPI spinal cord samples treated with saline (n=5), PPADS (n=5), or suramin (n=4). Inset: High magnification picture at the lesion epicenter, representative of the samples analyzed.
Densitometric analysis (b) of GFAP intensity per area confirmed a down-regulation of this intermediate filament after treatment with P2 antagonist. Data represent the mean±SEM; **p<0.01, *p<0.05 significant difference versus saline group (ANOVA followed by Tukey-Kramer multiple comparisons post hoc test; F=8.682; df=2, 11) (AU), p<0.001, n=11) and after PPADS treatment (54± 3 AU, p<0.05, n=10) when compared with saline sample (67±4 AU, n=12).
Discussion
Astrocytes are essential in maintaining homeostasis, tissue integrity, and functional outcome in the CNS. Among its divergent roles are supporting neuronal and synaptic function, regulation of extracellular ions, neurotransmitters, and fluid balance (Fields and Stevens-Graham 2002; Hansson and Ronnback 2003; Laird et al. 2008) . However, the role of reactive astrocytes after SCI is still a subject of debate. Extensive studies associate scar-forming astrocytes with inhibition of axonal regeneration and elongation after trauma. The upregulation of repellent proteins expressed by astrocytes after being activated, added to the downregulation of growth factors and the infiltration of inflammatory cells, may be recognized by regenerating axons, thus blocking axonal elongation at the injury site. Some researchers have proposed that astrogliosis generated after trauma may produce a physical barrier for regenerative axons (McGraw et al. 2001) . Despite this, other studies confirm that astrocytes are involved in maintaining an optimal environment for CNS function (Sidoryk-Wegrzynowicz et al. 2010) . Reactive astrocytes perform a leading role in maintaining neural tissue and restricting infiltration of inflammatory cells during crucial times after trauma to the CNS, thus preserving motor function (Myer et al. 2006) .
Injury to the CNS causes release of nucleotides into extracellular milieu that can reach up to millimolar concentrations (Wang et al. 2004; . The increased levels of these nucleotides stimulate astro- area confirmed a decrease in the amount of spare tissue after treatment with P2 antagonist, PPADS (n=10), and suramin (n=11) relative to control-saline treated animals (n=12). Data represent the mean±SEM; ***p<0.001, *p<0.05 significant difference versus saline group (ANOVA followed by Tukey-Kramer multiple comparisons post-hoc test; F=9.064; df=2, 30) cytes proliferation and contribute to the process of astrogliosis (Abbracchio et al. 1994; Franke et al. 2001) . Studies by Wang et al. (2004) reported a high ATP release through extensive peritraumatic zones for hours after SCI, probably due to a continuous production of ATP and failure to regulate efflux pathways. Although the molecular mechanism behind the nucleotide response of reactive astrocytes after trauma is uncertain, it has been associated with the activation of the ATP-dependent astrocytic calcium signaling and the P2 nucleotide receptors (Fam et al. 2000; Scemes et al. 2000) . Therefore, these receptors represent a new target to deal with reactive gliosis in SCI.
As a first approach, the expression of the mRNA for various P2 receptors in the spinal cord was evaluated. The presence of P2Y 1 , P2Y 2 , P2Y 4 , P2Y 6 , P2Y 12 , and P2X 2 receptors in the adult spinal cord was evident. Also, the existence of other P2 receptors, such as P2X 4 , P2X 6 , P2X 7 , and P2Y 14 , have been reported in the spinal cord (Collo et al. 1996; Burnstock 2000; Kobayashi et al. 2006) . In general, P2Y nucleotide receptors have been related to survival responses in nervous tissues and to the support of cellular growth, proliferation, and differentiation (Rathbone et al. 1999; Weisman et al. 2005; . In contrast, P2X receptor activation has been associated with inflammation and apoptotic signaling (Cavaliere et al. 2003; Skaper et al. 2006) . Altogether, this family of receptors is activated via extracellular nucleotides and is considered strong modulator of normal and pathological processes in the CNS.
Knowing that several P2 receptors are expressed in the adult spinal cord and the abundant release of extracellular nucleotides after injury, we decided to use two non-specific P2 antagonists, PPADS and suramin, to block the activation of diverse P2 receptors. In the past, suramin and PPADS have been extensively used as antagonist of P2Y 1 , P2Y 2 , P2Y 4 , P2Y 6 , P2Y 12 , and P2X 2 receptors and for other receptors such as P2X 7 (Lambrecht et al. 2002; Abbracchio et al. 2006; Jacobson et al. 2009 ). The intrathecal administration of antagonists and the blockade of the P2 receptors activation do not improve locomotor behavior in our injured rats. These results suggest that the role of these receptors after SCI is not associated directly with regenerative events associated with locomotor behavior because GAP-43 and serotonergic fibers were not significantly affected. However, we cannot exclude the possibility that the decrease in reactive gliosis and the increases in the lesion cavity, caused by the infusion of antagonists, can also be associated with the lack of locomotor improvement.
In vivo studies using Brilliant blue G (BBG), a selective antagonist of P2X 7 receptor, reported reduction in local activation of astrocytes and microglia, reduction in the inflammatory response, as well as reduction in lesion size. They also reported an improvement in locomotor activity after systemic administration of the antagonist (Peng et al. 2009 ). But also, they attribute these overall protections to the fact that the intravenous route of delivery increases the number of cell types potentially affected by the receptor blockade, launching the possibility of off-target effects. In addition, because BBG is a selective antagonist for the P2X 7 receptor, any interference with P2Y family receptors or other P2X receptors was not expected. These data indicate that there exists a subtle line between blockade and activation of different P2Y and P2X family receptors when combined as well as the route of antagonist/agonist delivery in order to obtain the expected effect.
GFAP-labeled cells analysis revealed a significant decrease after PPADS and suramin treatment when compared with the saline control group, which leads to an increase of the cavity size and a reduction in spare tissue. Results confirmed by the morphometrical analysis of samples stained with luxol fast blue-cresyl violet revealed that suramin and PPADS treatments aggravate the size of the cavity and decreased significantly the amount of spared tissue when compared with saline control samples. Previous studies in rat nucleus accumbens showed a reduction in the injury-induced astroglial proliferation via P2Y 1 activation after traumatic injury and after microinfusion of agonist (ADP beta S) when pretreated with PPADS (Franke et al. 2009 ). Other studies with primary cultures of rat cortical astrocytes demonstrated that treatment with suramin diminished the phosphorylation of STAT3 at Ser-727 through P2 receptor, which resulted in reduced astrocytes proliferation and reactive astrogliosis (Washburn and Neary 2006) . In addition, studies demonstrated that suramin interrupts the gliotic response via nucleotide receptors activation after injury suggesting a role of these receptors in the reactive gliosis initiated by trauma to the CNS (Di Prospero et al. 1998) .
In summary, our results suggest that blockade of P2 receptors with the antagonists, suramin and PPDS, disrupted the mitogenic and morphogenic changes that typify the reactive gliosis, causing an increase in the cavity size and tissue loss. A diminished and less effective encapsulation of the cyst can lead to infiltration of inflammatory cells and uncontrolled spreading of tissue damage. In addition, neuronal metabolic and trophic support provided by astrocytes is going to be lost and glial-glial or neuronalglial interactions could be interrupted, promoting neurodegeneration at the injury site.
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